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1
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device
having a switching element and, more particularly, to a
semiconductor device having an improved mounting struc-
ture for thyristors, power transistors, and the like used 1n the
field of power electronics.

Recently, 1in the field of power electronics control for
industrial pumps, fans, and the like, efforts have been made
to effectively use energy by using inverter devices. The
major portion of such an inverter device 1s made of a
semiconductor switching element for switching currents.

As semiconductor switching elements, thyristors, power
transistors, and the like have been often used. Recently, a
GTO (Gate Turn-off Thyristor), an IGBT (Insulated Gate
Bipolar Transistor), an IEGT (Injection Enhanced Gate
Transistor), and the like have been widely used.

Each of these semiconductor switching elements mcludes
three electrodes, namely a positive (emitter) electrode, a
negative (collector) electrode, and a control (gate) electrode,
which are named differently depending on the types, and
performs switching operation by controlling currents and
voltages through the control electrode.

When these elements are mounted 1n a package, the
positive and negative electrodes generate a considerable
amount of heat because of the flow of laree currents therein
and switching operation. Careful consideration must there-
fore be given to current capacity and a heat dissipation
structure. Since no large current flows 1n the control gate, no
special heat dissipation measures are required for it.

In many cases, a plurality of semiconductor switching
clements are simultancously used depending on control
targets.

FIG. 1 1s a sectional side view of a conventional semi-
conductor device having a plurality (one pair in FIG. 1) of
IGBTs (or IEGTs) as semiconductor switching elements
mounted side by side on a board.

Two IGBTs 1a and 1b respectively have emitter elec-
trodes 2a and 2b formed on their surfaces. The emitter

clectrodes 2a and 2b are respectively connected to wirings
10z and 106 by soldering.

Gate electrodes 6a and 6b are formed on the end faces of
the upper surfaces of the IGBTs 1la and 1b. The gate

clectrodes 6a and 6b are respectively connected to wirings
10c¢ and 104 by soldering.

Collector electrodes 9a and 9b are formed on the lower
surfaces of the IGBTs 1a and 1b. The collector electrodes 9a
and 9b are respectively connected to surface copper patterns

14a and 146 on a DBC (copper-clad ceramic) board 3 by
soldering.

The electrodes 2a, 2b, 6a, and 6b on the upper surfaces of
the IGBTs 1a and 15 and the electrodes 9a and 956 on the
lower surfaces are metallized to allow soldering.

Note that a metallization method 1s not limited to a
specific one, and a method of forming a metal layer on the
surface of an aluminum electrode using titanium, platinum,
oold, or palladium, a method of coating an aluminum
clectrode with nickel or the like, 1s properly used. A heat sink
12 1s soldered to the lower surface of the board.

In this structure, the emitter electrode 2a on the IGBT 1la
1s electrically connected to the collector electrode 9b on the
IGBT 1b through the wiring 10a and the surface copper
pattern 14b.
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2

FIG. 2 1s a sectional side view of another conventional
semiconductor device having a plurality (one pair in FIG. 2)
of IGBTs mounted on a board.

Two IGBTs 1a and 1b respectively have emitter elec-
trodes 2a and 2b formed on their lower surfaces. The emitter
clectrodes 2a and 2b are respectively connected to surface
copper patterns 14a and 14b on a DBC (copper-clad
ceramic) board 3 by soldering.

Gate electrodes 6a and 6b are formed on the end faces of
the upper surfaces of the IGBT3 1la and 1b. The gate
clectrodes 6a and 6b are respectively connected to surface
copper patterns 7a and 76 on the DBC board 3 by soldering.

Collector electrodes 9a and 9b are also formed on the
lower surfaces of the IGBTs 1la and 1b. The collector

clectrodes 9a and 9b are respectively connected to wirings
10d and 10c by soldering.

The electrodes 2a, 2b, 6a, 6b, 9a, and 9b on the upper and
lower surfaces of the IGBTs 1a and 15 are metallized to
allow soldering as in the case shown 1n FIG. 1. Similarly, a
heat sink 12 1s also soldered to the lower surface of the board

3.

In this structure, the emitter electrode 2b on the IGBT 15
1s electrically connected to the collector electrode 9a on the

IGBT 1a through the wiring 10d and the surface copper
pattern 14b.

In each of the conventional mounting structures shown 1n
FIGS. 1 and 2, each connection member has a connect
portion perpendicular to the board 3. Therefore, a large
inductance component 1s produced by each connect portion
that 1s perpendicular to the board 3.

In addition, since connection members such as the wirings
10a and 104 must be arranged between two chips, the size
of the package becomes large.

If wirings are routed 1n a complicated manner to reduce a
size of the package, connection members need not neces-
sarily be arranged between two chips. In consideration of
wiring resistances and inductances as electric circuit
characteristics, however, it 1s inadvisable to route the inter-
connections 1n a complicated manner.

BRIEF SUMMARY OF THE INVENTION

The present invention has been made 1n consideration of
the above situation, and has as its object to provide a
semiconductor device which can omit wirings as connection
members, which are perpendicular to a board by mounting
a pair of semiconductor switching elements such that the
upper side of one element faces 1n a direction opposite to
that of the other element, thereby preventing increases in
inductance and wiring resistance.

In order to achieve the above object, according to the
present invention, there 1s provided a semiconductor device
comprising:

a pair of semiconductor switching elements, each of the
semiconductor switching elements having a positive
clectrode and control electrode formed on one surface
and a negative electrode formed on the other surface;
and

a board to which the positive and control electrodes of one
of the semiconductor switching elements are joined and
the negative electrode of the other semiconductor
switching element facing 1n a direction opposite to that
of one semiconductor switching element 1s joined.

With the above arrangement, according to the semicon-

ductor device of the present invention, since the plurality of
semiconductor switching elements are mounted on the land
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of the board 1n opposite directions, the components of the
connect members which are perpendicular to the board can
be omitted, thereby preventing increases in inductance and
wiring resistance.

In addition, since any connect members or wirings need
not be arranged between the two semiconductor switching
clements, the distance between the semiconductor switching
clements can be reduced, thereby reducing the package size.

The use of the conductors as connect members which are
formed by weaving thin conducting wires allows a reduction
in the rigidity of each electrode and hence can reduce
thermal stress in each electrode, thereby preventing the
clement joint portions and the like from being damaged by
fatigue while maintaining the advantages of a flat wiring
structure with a low wiring inductance.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out hereinaf-
ter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
fion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIG. 1 1s a sectional view of the main part of an example
of the mounting structure of a conventional semiconductor
device;

FIG. 2 1s a sectional view of the main part of another
example of the mounting structure of a conventional semi-
conductor device;

FIG. 3 1s a perspective view showing a semiconductor
device according to an embodiment of the present invention;

FIG. 4 1s a sectional view taken along a line IV—IV of the
semiconductor device 1n FIG. 3;

FIG. 5 1s a sectional view showing a semiconductor
device according to another embodiment of the present
mvention;

FIG. 6 1s a sectional view showing the structure obtained
by using a buffer plate for the embodiment shown in FIG. §;

FIG. 7 1s a perspective view showing a semiconductor
device according to still another embodiment of the present
mmvention; and

FIG. 8 1s a sectional view taken along a line VIII—VIII
of the semiconductor device 1 FIG. 7.

DETAILED DESCRIPTION OF THE
INVENTION

The embodiments of the present invention will be
described below with reference to the views of the accom-
panying drawing.

FIG. 3 1s a perspective view of a structure 1n which IGBTs
(or IEGTS) as a pair of semiconductor switching elements,
which constitute a semiconductor device of the first embodi-
ment of the present invention, are mounted side by side on

a board. FIG. 4 1s a sectional view taken along a line IV—IV
of the semiconductor device 1n FIG. 3. This device will be

described with reference to FIGS. 3 and 4.

First and second IGBTs 14 and 15 are mounted on a land
4a on a DBC (copper-clad ceramic) board 3 in opposite
directions.
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An emitter electrode 2a formed on the lower surface of
the first IGBT 1a 1s soldered to the land 4a of the DBC board

3. An emitter electrode 2b on the upper surface of the second
IGBT 1b 1s soldered to a wiring 10b.

A gate electrode 64 1s formed on the end face of the lower
surface of the first IGBT 1a. A gate electrode 6b 1s formed
on the end face of the upper surface of the second IGBT 15b.
The gate electrode 6a on the first IGBT 1a 1s soldered to a

land 4b of the DBC board 3. The gate electrode 6b on the
second IGBT 1b 1s connected to a wiring 10c by soldering.

Collector electrodes 9a and 9b are respectively formed on

the upper surface of the first IGBT 1a and the lower surface
of the second IGBT 1b. The collector electrode 9a on the

first IGBT 1a 1s connected to a wiring 10a by soldering. The
collector electrode 9b on the second IGBT 1b 1s soldered to

the land 4a of the DBC board 3.

That 1s, the emaitter electrode 2a of the first IGBT 1a 1s

clectrically connected to the collector electrode 95 of the
second IGBT 1b through the land 4a of the DBC board 3.

With this structure, in the first embodiment, the L-shaped
wirings 10z and 10d having vertical components with
respect to the board 3 as 1n the conventional structures

shown 1in FIGS. 1 and 2 can be omatted.

Obviously, no problem arises even if the first and second

IGBTs 1a and 1b are mounted 1n the reverse directions to
those shown 1n FIGS. 3 and 4.

FIG. § shows the second embodiment of the present
invention. The same reference numerals 1n FIG. 5 denote the
same parts as in FIG. 4, and a description thereof will be
omitted.

In the first embodiment shown 1n FIG. 4, the wirings 10a,
105, and 10c¢ are formed by using a general connection
material. In contrast to this, the second embodiment shown
in FIG. 5 uses wirings 10A, 10B, and 10C ecach formed by

weaving thin conducting wires.

According to the mounting structures of the first and
second embodiments, since the emitter electrode 2a of the
first IGBT 1la 1s electrically connected to the collector
clectrode 9b of the second IGBT 1b through the land 44, no
connection members having components perpendicular to
the board 3 are required. This can prevent increases in

inductance and wiring resistance due to wirings perpendicu-
lar to the DBC board 3.

In addition, since the wirings 10a and 105 used in the
prior art need not be arranged between the two IGBTs 1a and
15 as semiconductor switching elements, the distance
between the semiconductor switching elements can be
reduced. This makes the mounting structure more compact.
In the mounting structure of the second embodiment, in
particular, the use of the conductors which are formed by
weaving thin conducting wires can reduce thermal stress 1n
cach electrode by reducing its rigidity and prevent elements
and the joint portions and the like between the elements from
being damaged by fatigue while maintaining the advantages
of a flat wiring structure with a low wiring inductance.

Note that electrodes 2a and 6a on the lower surface of the
IGBT 1a, an electrode 9a on the upper surface of the IGBT
la, electrodes 2b and 6b on the upper surface of the IGBT
15, and an electrode 95 on the lower surface of the IGBT 15
arc preferably metallized to allow soldering. Note that a
metallization method 1s not limited to a specific one, and a
method of forming a metal layer on the surface of an
aluminum electrode using ftitanium, platinum, gold, or
palladium, a method of coating an aluminum electrode with
nickel or the like, 1s properly used. In each of the mounting
structures of the first and second embodiment, a heat sink 12
1s soldered to the lower surface of the board 3.
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The board 3 preferably has excellent heat dissipation
properties to dissipate the heat generated by the semicon-
ductor elements. For this reason, a so-called metal core
board 1s used, which 1s obtained by forming an insulating
layer made of epoxy, polybutadiene, polyimide, or the like
on a metal base made of aluminum, 1invar, 1iron, or the like,
and forming a wiring pattern on the msulating layer using a
copper foil or the like.

A board obtained by forming wirings made of a metal
such as copper or aluminum on the upper surface of a board
made of a ceramic material such as alumina or aluminum
nitride can be suitably used.

In a field demanding high dielectric strength, the DBC

(copper-clad ceramic) board 3 obtained by directly bonding
a copper foil to, for example, an alumina or aluminum

nitride base can be suitably used.

Although various soldering materials can be used as
materials for soldering, a soldering material having high
stress resistance 1s preferably used because the soldering
portions 1n the present invention are exposed to high thermal
stress. In addition, when a plurality of soldering portions are
present, these portions may be sequentially and indepen-
dently soldered or may be collectively soldered.

As 1s obvious, when these portions are to be sequentially
and i1ndependently soldered, the melting point must be
sequentially lowered 1n the soldering order.

In addition, the electrodes 2a, 2b, 6a, 6b, 9a, and 9b of the
IGBTs 1a and 1o may be soldered to the DBC board 3
through a bufler plate 11 shown 1n FIG. 6. In this case, the
thermal stress produced by the heat generated by the IGBTs
1a and 1b 1s reduced by the buffer plate 11. This suppresses
the fatigue of the solder on the IGBTs 1a and 1b and the
soldering portions, and can improve reliability 1in terms of
joint service life.

As a material for the buffer plate, a material having a
thermal expansion coelflicient near that of silicon as a base
material for the IGB’s 1a and 1b 1s preferably used. For
example, a single metal such as molybdenum or tungsten, an
alloy such as copper-tungsten or 42 alloy, or a clad material
such as copper-invar-copper can be used.

Although not shown 1n this case, a plastic envelope 1s
prepared around the heat sink, and the upper surfaces of the
IGBTs 1a and 15 and the DBC board 3 are sealed with

silicon gel or the like to be 1nsulated.

The upper surfaces of the IGBTs 1a and 15 and the DBC
board 3 are sealed with silicon gel or the like to be insulated.
Note that when a GTO 1s used as a semiconductor switching
clement, the resultant mounting structure remains the same
except that the emitter and collector electrodes are regarded
as positive (anode) and negative (cathode) electrodes,
respectively.

The third embodiment of the present invention will be
described next with reference to FIGS. 7 and 8.

The third embodiment 1s the same as the first embodiment
in that first and second IGBTs 14 and 1b are mounted on the
lands of a DBC (copper-clad ceramic) board 3 in opposite
directions. The same reference numerals 1n the third embodi-
ment denote the same parts as 1n the first embodiment, and
only a different mounting structure portion will be described.

Lands 4a and 4c¢ are formed on the board 3 1n correspon-
dence with the first and second IGBTs 14 and 1b. A single
wiring 10a 1s commonly connected to a collector electrode
9a formed on the upper surface of the first IGBT 14 and an
emitter electrode 2b formed on the upper surface of the

second IGBT 1b.
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6

In this mounting structure of the third embodiment,
therefore, any connection members having components per-
pendicular to the board 3 need not be used. This can prevent
Increases 1n wiring inductance and wiring resistance due to
wirings perpendicular to the board 3.

In addition, since the wirings 10a and 10d used in the
prior art need not be arranged between the two IGBTs 1a and
15 as semiconductor switching elements, the distance
between the semiconductor switching elements can be
reduced. This makes the mounting structure more compact.

Various changes and modifications of the above embodi-
ments can be made within the spirit and scope of the
invention.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor device for power electronics com-
prising:

a board made of a ceramic material having a first main

surface and a second main surface;

a wiring pattern provided on the first main surface of the
board;

a heat sink soldered on the second main surface so that the
heat sink 1s thermally coupled to the board;

a first semiconductor switching element having a first gate
clectrode and a first emitter electrode formed on one
surface of the first semiconductor switching element
and a first collector electrode formed on the other
surface of the first semiconductor switching element,
wherein the first emitter electrode 1s electrically con-
nected to the wiring pattern; and

a first flat wiring structure formed by weaving thin
conductive wires, the first flat wiling structure having,
one end electrically connected to the first collector
clectrode by soldering.

2. A semiconductor device for power electronics accord-
ing to claim 1, wherein the first flat wiring structure has the
other end soldered to the wiring pattern.

3. A semiconductor device for power electronics accord-
ing to claim 1, further comprising a second semiconductor
switching element having a second collector electrode sol-
dered to the wiring pattern, a second gate electrode and a
second emitter electrode to which one end of a second {flat
wiring structure formed by weaving thin conducting wires 1s
soldered.

4. A semiconductor device for power electronics accord-
ing to claim 3, wherein at least one of the first and second
semiconductor switching elements 1s an IGBT.

5. A semiconductor device for power electronics accord-
ing to claim 3, wherein at least one of the first and second
semiconductor switching elements 1s an IEGT.

6. A semiconductor device for power electronics com-
prising:

a board made of a ceramic material having a first main

surface and a second main surface;

a wiring pattern provided on the first main surface of the

board;

a heat sink soldered on the second main surface so that the
heat sink 1s thermally coupled to the board;
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a semiconductor switching clement having a gate elec- plate being provided on at least one of the emitter
trode and an emitter electrode formed on one surface of electrode and gate electrode; and
the semiconductor switching element and a collector
electrode formed on the other surface of the semicon- _ o _ _
ductor switching element, wherein the emitter electrode s wires, the flat wiring structure having one end electri-

is electrically connected to the wiring pattern; cally connected to the collector electrode by soldering.

a buffer plate having a thermal expansion coeflicient near
that of the semiconductor switching element, the bufier %k k% %

a flat wiring structure formed by weaving thin conductive
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